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Abstract Despite the relative richness of spider species
across the Southern Ocean islands remarkably little informa-
tion is available on their biology. Here, the critical thermal
limits of an indigenous (Myro kerguelenensis, Desidae) and
an introduced (Prinerigone vagans, Linyphiidae) spider spe-
cies from Marion Island were studied after 7–8 days accli-
mation to 0, 5, 10 and 15°C. Critical thermal minima (CTMin)
were low in these species by comparison with other
spiders and insects measured to date, and ranged from ¡6
to ¡7°C in M. kerguelenensis and from ¡7 to ¡8°C in
P. vagans. In contrast, critical thermal maxima (CTMax) were
similar to other insects on Marion Island (M. kerguelenensis:
35.0–35.6°C; P. vagans: 35.1–36.0°C), although signiW-
cantly lower than those reported for other spider species in
the literature. The magnitude of acclimation responses in
CTMax was lower than those in CTMin for both species and
this suggests decoupled responses to acclimation. Whilst not
conclusive, the results raise several important considerations:
that oxygen limitation of thermal tolerance needs to be more
widely investigated in terrestrial species, that indigenous and
alien species might diVer in the nature and extent of their
plasticity, and that upper and lower thermal tolerance limits
might be decoupled in spiders as is the case in insects.
Introduction
Southern Ocean islands have few indigenous predators.
This lack of predation is thought to have played a major
role in structuring communities on the islands, and in mak-
ing many species susceptible to introduced predators (Bur-
ger 1985; CraVord et al. 1986; Frenot et al. 2005). Indeed,
many of the sub-Antarctic islands are considered unusual
because of limited predation and parasitism in terrestrial
food webs, as is the case on the Antarctic continent
(CraVord et al. 1986; Convey et al. 2006). However, predation
and parasitism are not entirely absent, even if alien species
are ignored. For example, two indigenous carabid species
occur on Possession Island, and indigenous parasitic wasps
are known from several islands (CraVord et al. 1986;
Vernon et al. 1998). Perhaps the largest group of arthropod
predators on the Southern Ocean islands is the spiders. At least
126 species have been found on islands across the region
(none have been found to survive on Antarctica or on the
maritime Antarctic islands), of which only 16 are consid-
ered alien (Pugh 2004). Species richness ranges from 30 on
the Auckland Islands to a single species on Heard Island.
Despite their richness across the region, remarkably little
is known about the local distribution, life histories, physio-
logical responses and prey preferences of spiders on the
Southern Ocean islands. Most studies have been either taxo-
nomic or have sought simply to document the spiders on a
given island (see Pugh 2004 for a comprehensive bibliogra-
phy). Where spider densities have been recorded, the work is
typically done as part of a larger study (e.g. Vogel 1985; Joly
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216 Polar Biol (2008) 31:215–220et al. 1987), and often species are not distinguished (e.g. Bur-
ger 1978). This situation contrasts strongly with that charac-
teristic of the other arthropods, such as mites, springtails and
insects, indigenous to the Southern Ocean islands. For these
species much is known about their local distributions and
abundances, life histories, and their responses to the abiotic
environment (reviewed in Frenot et al. 2005; Chown and
Convey 2006, 2007; Convey et al. 2006). Nonetheless, early
studies were careful in drawing attention to the signiWcance
of spiders in terrestrial food webs (Smith 1977), and later
works have echoed these views (Ledoux 1991).
Here, we make a start at addressing the substantial gap in
current knowledge about the life histories and environmental
responses of sub-Antarctic spiders. SpeciWcally, we examine
the upper and lower critical thermal limits, and their
responses to acclimation, of two spider species on Marion
Island: Myro kerguelenensis Cambridge (Desidae), an indig-
enous species, and Prinerigone vagans (Audouin) (Linyphii-
dae), a species introduced to the island (Lawrence 1971;
Pugh 2004). We adopt this focus for several reasons, of
which three are most signiWcant. First, assessment of critical
thermal limits is a Wrst step in understanding the range of
conditions under which a predator might be active, and the
likely eVect that local climatic variation and longer term cli-
mate change might have on the species (see Deere et al.
2006, for data on altitudinal variation in microhabitat temper-
atures and Smith (2002) and le Roux and McGeoch (2007)
for synopses of climate change at Marion Island). Second, we
test the hypothesis that unpredictable variation in terrestrial
climates, such as that typical over the short-term in sub-
Antarctic, is likely to mean little acclimation potential in
these species (Deere and Chown 2006). To date, evidence for
this hypothesis is variable, depending on the trait and the
organisms concerned, with some species showing consider-
able variation in thermal tolerance traits with acclimation,
whilst the converse is true in other species or traits (e.g. Klok
and Chown 1998; Slabber and Chown 2005; Deere and
Chown 2006; Deere et al. 2006). Finally, we determine the
extent to which upper and lower critical limits are decoupled
over a range of acclimation temperatures. Whilst such decou-
pling is typical of insects (Chown 2001), it is not yet clear
what the situation is for other terrestrial arthropods, although
the oxygen limitation of thermal tolerance hypothesis pre-
dicts that in ectotherms with separate ventilatory and circula-
tory systems, these limits should be coupled (Pörtner 2001).
Materials and methods
Study site and animals
Sub-Antarctic Marion Island (46°54S 37°45E) is situated
2,100 km south-east of Cape Town, to the north of the
Antarctic Polar Front and is the larger of the two islands
forming the Prince Edward Islands (Smith 1987). It has a
mean annual temperature of ca. 5.7°C, and the climate is
typically cool, windy and cloudy (Smith 2002). On a daily
scale, changes in temperature are relatively unpredictable
(Deere and Chown 2006).
The Marion Island spider fauna comprises three species:
those investigated here as well as Myro paucispinosus Ber-
land, which is indigenous to the island (Pugh 2004) and
tends to be more abundant at higher elevations (M. Somers,
unpublished data). Recent surveys have suggested that the
early record of Neomaso antarcticus (Hickman), listed by
Lawrence (1971), was either an error or the species has
since gone extinct on the island, because it could not be
found (Khoza et al. 2005). Likewise, the Erigone sp. listed
by Pugh (2004) was not reported from recent surveys.
Although the work by Khoza et al. (2005) reported two
additional taxa from the island (unidentiWed species in the
families Salticidae and Miturgidae), repeated surveys have
failed to Wnd additional specimens of these species, and
they are therefore considered to be either vagrants or errors
(M. Somers, unpublished data).
Myro kerguelenensis is a cocoon-spinning species typi-
cally found in drier areas in fellWeld habitats, whereas P.
vagans spin webs on vegetation, and is very typical of low-
land mire vegetation (see Smith et al. 2001 for a description
of the vegetation of Marion Island). Individuals of M. ker-
guelenensis were collected from beneath rocks on Skua
Ridge (»99 m a.s.l.) and individuals of P. vagans were col-
lected from mire vegetation in the same vicinity (Nellie
Humps) (»88 m a.s.l.), using aspirators and small paint
brushes. These locations were chosen because of their prox-
imity to the laboratory. The spiders and vegetation from the
natural habitat were gathered into 375 ml plastic containers
for transfer to the laboratory (usually within 4 h). On arrival
at the laboratory, individuals were immediately separated
and each animal placed separately into a 60 ml polypropyl-
ene vial to prevent cannibalism. Fifty individuals of each
species were acclimated to each of four temperatures using
regulated climate chambers with temperatures set to 0, 5,
10 and 15°C (temperatures as recorded by Thermochron
iButton dataloggers (Model DS1921): Mean § SE
0.1 § 0.1; 4.1 § 0.1; 9.3 § 0.2; 14.8 § 0.1°C, respec-
tively) with a 12:12 L:D photoperiod, set to match the sea-
son in which the work was undertaken. In each vial, water
was made freely available on moistened Wlter paper, and
spiders were fed on an assortment of springtail species
every second day over the seven (critical thermal Maxi-
mum, CTMax) to eight (critical thermal Minimum, CTMin)
day acclimation period. The acclimated animals were there-
fore fed a total of three (CTMax) and four (CTMin) times
before the Wnal experiments were undertaken. An acclima-
tion period of 7–8 days was selected because this has been123
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acclimation response in critical thermal limits in a variety
of species (e.g. Klok and Chown 2003; Terblanche et al.
2006). During the acclimation period, animals were ran-
domized among shelves in each climate chamber, and shelf
positions altered on a daily basis to avoid within-chamber
acclimation eVects. Microhabitat temperature data were
obtained from a long-running programme of recordings
undertaken just below soil level using Thermochron iBut-
tons (see Deere et al. 2006 for summary data).
Critical thermal limits
Critical thermal minimum was deWned as the temperature
of loss of coordinated muscle function, and CTMax was deW-
ned as the temperature of onset of muscle spasms (see Klok
and Chown 1997; Lutterschmidt and Hutchison 1997).
Pilot trials using both spider species were useful in identify-
ing any unusual behavioural characteristics (such as “feign-
ing death” which was observed in P. vagans), and therefore
ensured minimal variation between observation periods
(i.e. training eVects). Preliminary CTMax and CTMin experi-
ments on Weld fresh animals for both species showed no
gender eVect in M. kerguelenensis [F(1, 18) = 3.222, P = 0.10
and F(1, 18) = 1.383, P = 0.26, respectively]. In contrast, a
signiWcant gender eVect was found for CTMax of P. vagans
[F(1, 17) = 21.642, P < 0.001] with males having higher
CTMax-values than females (mean § SE 35.8 § 0.1 and
35.5 § 0.1°C, respectively), but no statistical diVerence for
CTMin [F(1, 18) = 3.647, P = 0.072]. Because eVect size of
the sex-related diVerence in CTMax of P. vagans was small
(0.3°C on average), because no other sex-related diVer-
ences in critical thermal limits were found, and because of
the greater abundance of females (70:30 sex ratio estimated
for both species), only females were selected for further
experiments.
An insulated, double-jacketed system which contained
11 isolation chambers for individual spiders was connected
to a programmable water bath (LTC 12 Grant Instruments
Ltd., Cambridge, UK) which regulated water temperature
around chambers (similar to the methods described in Klok
and Chown 2003). Ten individuals of the same species
were placed singly into the chambers and a 40-gauge Cop-
per-Constantan (Type T) thermocouple connected to an
electronic thermometer was inserted into a control chamber
to monitor chamber temperatures. The spiders were
allowed to equilibrate for 10 min at 5 and 25°C before cas-
sessments of critical thermal minima (CTMin) and maxima
assessments commenced, respectively. Based on their small
body size (P. vagans; mean § SE mass 0.8 § 0.1 mg; M.
kerguelenensis: 21.2 § 2.1 mg; n = 10 in each case) the
body temperature of the spiders was considered equivalent
to chamber temperatures (see Terblanche et al. 2006). After
equilibration the temperature was lowered or raised at
0.25°C min¡1.
All CTMax experiments were performed on the seventh
day of acclimation while CTMin experiments were under-
taken on the eighth day due to time and equipment con-
straints. Shapiro-Wilks tests were used to determine
whether data were normally distributed, and because this
was so in virtually all cases (P > 0.44, except for CTMax in a
single case in M. kerguelenensis), analyses of variance
were used to compare the eVects of acclimation on CTMax
and CTMin for each spider species.
Results and discussion
Critical thermal minima were low in these species, varying
from ¡6 to ¡7°C in M. kerguelenensis to ¡7 to ¡8°C in P.
vagans (Fig. 1). These values are somewhat lower than
those recorded for many insect species on the island. For
example, the weevil species found on Marion Island have
CTMin-values varying from ¡1.8 to ¡6.6°C depending on
acclimation and the altitudinal population examined, but
typically in the region of ¡4°C (Klok and Chown 2003),
whilst in the rove beetle Halmaeusa atriceps CTMin-values
range from ¡0.6 to ¡4.1°C in adults and larvae (Slabber
and Chown 2005). In the kelp Xy, Paractora dreuxi, CTMin
Fig. 1 Critical thermal minima (mean § SE) measured at four accli-
mation temperatures for females of Myro kerguelenensis (open circles)
and Prinerigone vagans (Wlled squares). Letters denote signiWcant
diVerences between acclimation treatments for each species, based on
Fisher’s LSD post hoc test, following analyses of variance: P. vagans:
F(3, 36) = 3.155, P < 0.05; M. kerguelenensis: F(3, 36) = 5.589, P < 0.003;
n = 10 in each case

























218 Polar Biol (2008) 31:215–220varies from ¡2.7 to ¡5.1°C for both adults and larvae (Klok
and Chown 2001). Indeed, the values for these spider spe-
cies seem much closer to those found in some continental
Antarctic springtails (Sinclair et al. 2006), than those
recorded in sub-Antarctic arthropods. One reason for these
lower thresholds for activity in both the alien and the indige-
nous spider species might be that they typically live and for-
age at the soil surface, where minimum temperatures tend to
be substantially lower than protected sites deeper in the soil
or within crevices in rocks (Chown and CraVord 1992;
Bonan 2002). The latter are typical habitats for many of the
insect species (CraVord et al. 1986; CraVord and Scholtz
1987; Chown and Scholtz 1989; Chown 1993). Therefore, it
is unsurprising that these lower minimum temperatures for
activity in these spiders are considerably lower than the soil
minima recorded across a range of altitudes and over 2 years
at the island (see Deere et al. 2006). By comparison with
spiders from other regions (e.g. Schmalhofer 1999, see
below), the CTMin-values found here are considerably lower.
However, although some studies have documented abun-
dance and feeding patterns of winter-active spider taxa
(Aitchison 1984, 1987) few studies report CTMin-values for
spiders, and lower lethal temperature reports seem to be
equally rare (Almquist 1970; Schmalhofer 1999).
Critical thermal maxima (CTMax), ca. 35.2–35.6°C
(Fig. 2), lay within the range of values shown by adults of
insect species found on Marion Island (ca. 30.1–39.2°C,
see references above), and also within the range shown by
springtails from Antarctica (28.7–35.1°C, Sinclair et al.
2006). As was the case with CTMin, CTMax-values lay
beyond the range of maximum temperatures typically
recorded just below the soil surface, but within the range of
the highest microclimate temperatures recorded at Marion
Island (33.8°C at sea level, Chown and CraVord 1992; 35°C
at 800 m a.s.l., see Deere et al. 2006). CTMax-values
recorded for P. vagans and M. kerguelenensis are signiW-
cantly lower than those reported for spiders occurring else-
where (Fig. 3). Indeed, they fall well below the 95%
conWdence limits (mean; lower and upper 95% CLs: 42.7;
41.6–43.8°C, n = 29) of the distribution of CTMax-values
for spiders from other regions. Thus, P. vagans and M. ker-
guelenensis have the lowest upper limits for activity
recorded in spiders to date.
In keeping with predictions from other taxa (see e.g.
Daehler 2003; Slabber et al. 2007), the alien P. vagans
tended to have a broader tolerance range than the indige-
nous M. kerguelenensis, although this diVerence was small.
Similarly, the species diVered little in the full extent of their
acclimation response for CTMin (ca. 1°C) and only slightly
for CTMax (0.2°C vs. 0.4°C), suggesting that they diVer lit-
tle in their phenotypic plasticity, despite suggestions, for
other taxa, that such diVerences should exist between intro-
duced and indigenous species (Daehler 2003; Duncan et al.
Fig. 2 Critical thermal maxima (mean § SE) measured at four accli-
mation temperatures for females of Myro kerguelenensis (open circles)
and Prinerigone vagans (Wlled squares). Letters denote signiWcant
diVerences between acclimation treatments for each species, based on
Fisher’s LSD post hoc test, following analyses of variance: P. vagans:
F(3, 36) = 9.001, P < 0.0001; M. kerguelensis: F(3, 36) = 2.901, P < 0.05;
n = 10 in each case



























Fig. 3 Critical thermal maxima (CTMax) for females of Myro kergue-
lenensis and Prinerigone vagans, and CTMax of 29 spider species ex-
tracted from Table 2 of Schmalhofer (1999). The values of CTMax for
females of P. vagans and M. kerguelenensis fall below the 95% conW-
dence limits of other species examined to date (mean; lower and upper
95% CLs: 42.7; 41.6–43.8°C, n = 29)


















Polar Biol (2008) 31:215–220 2192003). The narrow range of acclimation responses of criti-
cal thermal limits shown by both species is much smaller
than what has been found for a variety of other species both
in the sub-Antarctic and elsewhere (Klok and Chown 2003;
Slabber and Chown 2005; Terblanche et al. 2005, 2006).
Whether this is simply a consequence of limited phenotypic
plasticity for these traits in spiders in general is diYcult to
tell because work on these traits is limited in this group (see
Schmalhofer 1999). To our knowledge, the only study to
date that has examined both CTMin and CTMax in spiders is
the one undertaken by Schmalhofer (1999). In her study,
she found that Misumenops asperatus and Misumenoides
formosipes (Thomisidae), had mean CTMin-values of ¡1.4
and 2.2°C, respectively, and CTMax-values of 45.1 and
48.2°C, respectively. Similarly, only a single study has
examined phenotypic plasticity of critical thermal limits in
spiders. In this case, Seymour and Vinegar (1973) exam-
ined CTMax in an Aphonopelma species (Theraphosidae)
and found that CTMax was unaVected by 2 weeks acclima-
tion to 10 or 30°C (43.3°C vs. 43.1°C, respectively). Cer-
tainly amongst insects, phenotypic plasticity of upper
thermal limits does tend to be smaller than that of lower
limits (Chown 2001; HoVmann et al. 2005; Terblanche
et al. 2006), and this was also the case here. However, the
extent of change in both CTMin and CTMax was relatively
small. These results provide some evidence to support the
idea that unpredictable climatic change on Marion Island
(see Deere and Chown 2006) might not favour phenotypic
plasticity. However, other species on the island show con-
siderably greater Xexibility for the same traits. In conse-
quence, and until more is known of the life histories of all
the species (see Huey et al. 2003 for rationale), the hypoth-
esis concerning interactions between climatic unpredict-
ability and acclimation responses cannot be considered to
have been comprehensively examined.
Although phenotypic plasticity of the critical thermal
limits was relatively narrow, it is clear that in both species
the responses to acclimation of CTMin and CTMax are eVec-
tively decoupled. At the lower acclimation temperatures
CTMin tended to decline with declining acclimation temper-
ature, whilst CTMax was relatively unchanged. At 15°C
CTMin declined in both species, whilst CTMax increased, so
broadening the tolerance range. These Wndings contrast to
some extent with the predictions of the oxygen limitation of
thermal tolerance, which suggests that performance limits
should vary in concert, i.e. an improvement in lower limits
should be accompanied by a decline in upper limits (Pört-
ner 2001). However, they do not constitute a comprehen-
sive test of the hypothesis, especially since the oxygen
limitation hypothesis is concerned with pejus (=deleterious)
temperatures rather than critical temperatures. Moreover,
the substantially lower CTMax-values in the Marion Island
species compared with those from elsewhere also suggests
that oxygen limitation might be signiWcant in determining
spider thermal tolerances. Whatever, the outcome, these
results certainly suggest that this important hypothesis,
which might provide a general mechanistic basis for spe-
cies responses to climate change (Pörtner and Knust 2007),
deserves further investigation in terrestrial species.
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